Abstract: Avocado (persea americana) has antioxidant, anti inflammatory, anti obesity, anticancer effects. The effect of AVOE (avocado extract) on liver TNF-α(tumor necrosis factor-α), COX-2 (cyclooxygenase-2), LOX (lipoxygenase), caspase-3, DNAF (DNA fragmentation), NO (nitric oxide), MDA (malondialdehyde), TP (total protein) as well as serum lipid profile and liver functions in rats treated and untreated with DEN (diethyl nitrosamine) was studied. The levels of TNF-α, COX-2, LOX, caspase-3, DNAF, NO, MDA, TP as well as serum lipid profile and liver functions showed an elevation in rats treated with DEN as compared to control. Treatment of rats with AVOE pre, during, and post DEN administration improved TNF-α, COX-2, LOX, caspase-3, DNAF, NO, MDA, TP levels as well as serum lipid profile and liver functions as compared to DEN, indicates that AVOE reduced oxidative stress, inflammation and apoptosis induced by DEN. Treatment of healthy rats with AVOE only for 30 days not induced oxidative stress, inflammation and apoptosis for normal liver tissues.
Introduction
 Apoptosis, or programmed cell death, is a normal process of the development and health of multicellular organisms. Cells die in response to a variety of stimuli and during apoptosis they do so in a controlled, regulated fashion. Apoptosis is an important part of the regulation of the immune system. Problems with the regulation of apoptosis have been implicated in a number of diseases such as cancer which characterized by too little apoptosis and inflammation which characterized by too much of the cell death [1] . Apoptosis can be triggered in two principle ways, by toxic chemicals such as DEN (diethylnitrosamine) or injury leading to damage of DNA, other important cellular targets, and activation or inactivation of receptors by growth-regulating signal factors in the organism [2] . DEN causes a variety of hepatocellular
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have showed that it helps to control weight, reduces the risk of diabetes, normalizes blood cholesterol levels, and is involved in liver metabolism [9] . The aim of this study included on: 1) study the effect of DEN (diethyl nitrosamine) and on normal liver. 2) study the effect and chemoprevention of AVOE (avocado extract) against DEN. 3) Study the effect of AVOE on normal liver. The studies focused on the changes in liver TNF-α (tumor necrosis factor-α), COX-2 (cyclooxygenase-2), LOX (lipoxygenase), caspase-3, DNAF (DNA fragmentation), NO (nitric oxide), MDA (malondialdehyde), total protein as well as serum lipid profile and liver functions. The histopathological studies also were examined.
Materials and Methods
Chemicals
Kit for caspases-3 assay was obtained from Bio Source International, Inc, 542 Flynn road Camarillo, California 93012 USA. Cayman"s COX activity assay kit Catalog No.76015. RayBio Rat TNF-α ELISA Kit, Catalog No. ELR-TNFalpha-001C. Proteinase K from (Finnymesoy. Keilaranta 16A, 02150 ESPOO, Finland.), Sulphanilamide, N-1-Napthyl ethylene diamine, Standard sodium nitrite, SDS (sodium dodecyle sulfate), DEN (Diethylnitrosamine), Highly purified arachidonic acid, Ethidium bromide, agarose, TBA (thiobarbituric acid), TMP (tetramethoxypropan) and Diethylene triaminopentaacetic acid were purchased from Sigma-Aldrich, USA.
AVOE (Avocado Curd Extracts)
The cured oil was obtained from avocado purchased from a local market (Egypt) .When edible maturity ripe had been reached [10] , the avocados were washed and peeled and the seed was removed. Subsequently, the pulp was homogenized using electric blender with water. The obtained viscous slurry like pulp was stored at 4 o C until used as orally administered to the rats [11] .
Animals
Forty adult male Sprague-Dawely rats weighing 100-110 g were used in this study. All rats were examined for health status and their room was designed to maintain the temperature at 25 o C, relative humidity at approximately 50% and 12 h light/dark photoperiod for 2 weeks prior to handling. The animals were then housed in stainless-steel cages, given standard diet and water throughout the study and observed daily for abnormal signs. After acclimatization, rats were divided into four groups of ten rats. Control group (C): untreated rats.
(DEN) group: Rats were injected intraperitoneally, IP, with 200 mg of DEN/kg body mass (bm) as one dose [3, 12] .
(AVOE) group: Rats were treated orally with a daily dose of AVOE 1 mL/kg body mass (bm) for 30 days [11, 13] .
(AVOE-DEN) group: Rats were treated orally with a daily dose of AVOE 1 mL/kg body mass (bm).
At the beginning of the second week, rats were treated with DEN (as described previously) in addition to a daily dose of AVOE until complete 30 days [3, 11, 12] .
At the end of the experimental period, feeding was stopped 12 h prior to killing. Rats were anaesthetized by diethylether and killed. Livers were removed immediately, and small portions were fixed in 10% formalin for histopathological examination. The remaining liver tissues were washed with cold saline solution (0.9% NaCl), weighed, divided into two parts and kept at −80 o C until used for biochemical analysis.
Unheparinized blood samples were collected, kept at room temperature for 15 min and then sera were separated by centrifugation at 3,000 rpm at 2°C for 20 min. Sera were stored at −30 o C until used. Caspase-3 activity in the liver tissues was determined using a colorimetric kit [18] . Fold-increase in caspase-3 activity was determined by direct comparison to the level of the uninduced control.
Biochemical Assay
2.4.6 DNA Fragmentation DNA was isolated using DNA purification kit. Then DNA was separated by electrophoresis on 1% agarose gel containing ethidium bromide [19] .
NO Level
It was determined spectrophotometrically [20] . The livers tissues were homogenized in four volumes of cell lysate buffer (pH 7.5). The homogenate was centrifuged at 10,000 g for one min at 4 oC, and the supernatant was stored at −30 o C until used. One hundred microliters of sample (liver or standard sodium nitrite 100 µM) were added to 1 mL of Sulphanilamide, and mixed. Fifty microliters N-1-Napthyl ethylene diamine was added, incubated at room temp. for 20 min and the absorbance was recorded at 540 nm against blank (since buffer was added instead of sample).
Lipid Peroxidation
Lipid peroxidation was determined calorimetrically by measuring the level of MDA, the end product of lipid peroxidation, according to the method of Ohkawa et al., (1979) [21] . Fifty microliters of the crude homogenate or homogenizing buffer (blank) were incubated with 100 microliters of 8.1% of SDS, 750 microliters of 20% acetic acid containing HCL, pH 3.5, 750 microliters of 0.8% TBA, and 300 microliters of distilled water in boiling water bath for 45 min. After cooling at room temperature, 500 microliters of distilled water and 2.5 mL of n-butanol/pyridine mixture (15:1 v/v) were added, mixed well, and centrifuged for 10 min at 1,780 g. The absorbance of the pink color was measured at 532 nm and the concentration of MDA was determined as nmol/g liver. Different concentrations of TMP (20-300 nmol) were used as standard and treated in a similar way as the sample.
Liver Function Test
Total bilirubin concentration and aminotransferases (AST and ALT) activities were determined according to the methods of Jendrassik and Grof (1938) , and Reitman and Frankel (1957) , respectively [22, 23] .
2.4.10 Lipid Profile Total cholesterol, LDL-cholesterol, HDL-chloesterol and TG were determined according to the method of Burstein et al., (1970) [24] .
Histopathological Study
Liver tissues were fixed, processed and embedded in paraffin wax. Sections of 5 µm in thickness were cut and stained with hematoxylin and eosin.
2.4.12 Statistical Analysis Statistical analysis: All data are presented as means
Comparisons between the means of various treatment groups were analyzed using LSD (least significant difference) test. Differences were considered significant at P < 0.05. All statistical analyses were performed using the statistical software SPSS, version 16.
Results
Total Protein Level in Liver
The TP (total protein) levels in C (control) were 750.87 ± 2.51 mg/g, lower than that in DEN group 1,109.67 ± 2.50 mg/g; P < 0.05. The TP levels in
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AVOE group were 749.97 ± 3.51 mg/g, compared to C; P < 0.05. The TP levels in AVOE-DEN were 860.40 ± 3.66 mg/g, compared to DEN; P < 0.05 (Table. 1 ).
Lipoxygenase Activity in Liver Tissues
The enzyme levels in control were 0.02 ± 0.003 µmol /mg, lower than that in DEN group 0.08 ± 0.003 µmol /mg; P < 0.05. The enzyme levels in AVOE group were 0.02 ± 0.004 µmol /mg, compared to C; P < 0.05. The enzyme levels in AVOE-DEN were 0.03 ± 0.003 µmol/mg, compared to DEN; P < 0.05 (Fig. 1a) .
Cycolooxygenase in the Liver Tissues
The enzyme levels in control were 1.94 ± 0.09 U/mL, lower than that in DEN group 5.08 ± 0.29 U/mL; P < 0.05. The enzyme levels in AVOE group were 1.93 ± 0.04 U/mL, compared to C; P < 0.05. The enzyme levels in AVOE-DEN were 2.43 ± 0.51 U/mL, compared to DEN; P < 0.05 (Fig. 1b) .
TNF-α (Tumor NecrosisFactor-α) Level
TNF-α levels in control were 35.06 ± 1.98 pg/mL lower than that in DEN group 101.89 ± 5.01 pg/mL; P < 0.05. TNF-α levels in AVOE group were 35.67 ± 2.75 pg/mL compared to C; P < 0.05. TNF-α levels in AVOE-DEN were 46.87 ± 2.24 pg/ mL compared to DEN; P < 0.05 (Fig. 1c) .
Caspase-3 Activity
The enzyme levels in control were 0.19 ± 0.03 lower than that in DEN group 0.87 ± 0.04; P < 0.05. The enzyme levels in AVOE group were 0.20 ± 0.02 compared to C; P < 0.05. The enzyme levels in AVOE-DEN were 0.34 ± 0.03 compared to DEN; P < 0.05 (Fig. 1d ).
DNAF (DNA Fragmentation) in Liver Tissue
The agarose gel electrophoresis showed very low or undetectable DNA laddering (DNAF) in the liver tissue of the Control. The DNA intact band appears to be condensed near the application point with no DNA smearing suggesting no DNAF. Treatment with AVOE alone shows no DNA smearing suggesting no DNAF compared to control. DEN administration resulted in a massive DNAF compared to the C group. Treatment with AVOE pre, during, and post DEN administration decreased DNAF compared to the DEN group (Fig. 2) .
Lipid Peroxidation
MDA levels in control were 2.88 ± 1.10 nmol/g lower than that in DEN group 17.16 ± 1.08 nmol/g; P < 0.05. MDA levels in AVOE group were 2.79 ± 0.45 nmol/g compared to C; P < 0.05. MDA levels in AVOE-DEN were 2.89 ± 0.56 nmol/g compared to DEN; P < 0.05 (Fig. 1e) .
NO Level
NO levels in control were 33.21 ± 2.99 µm lower than that in DEN group 69.82 ± 2.90 µm; P < 0.05. NO levels in AVOE group were 31.99 ± 2.79 µm compared to C; P < 0.05. NO levels AVOE-DEN were 36.53 ± 2.76 µm compared to DEN; P < 0.05 (Fig. 1f) . 
Liver Function
ALT, AST and bilirubin levels were 
Histopathologic Results
Histopathological examination of control group showed normal rat liver with no remarkable pathological changes (Fig. 3a) . DEN administration showed mild dysplastic nuclei, preminent nucleoli, binucleated cells, and mild to moderate periportal inflammation (Figs. 3c and 3e) . Examination of rat liver treated with AVOE before, during and post DEN showed normal liver architecture with mild periportal inflammatory reaction (Fig. 3b) . AVOE treatment showed normal large polygonal cells with round nuclei and eosinophilic cytoplasm. Hepatocytes are arranged in plates separated by hepatic sinusoids (Fig. 3d ).
Discussion
Liver is an important organ in regulating host defense mechanisms such as immunological, biochemical, and metabolic functions including the metabolism of xenobiotics and drugs. ROS (reactive oxygen species) and free radicals are important mediators of several forms of tissues damage including liver tissue [4, 25] . Several possible signaling pathways have been described linking ROS to hepatocyte apoptosis. These include cell surface death receptors (extrinsic) and mitochondria (intrinsic) pathways [26] . ROS may act as growth inhibitory and apoptotic signaling agents, MDA is a major oxidation product of peroxidized polyunsaturated fatty acids, and increased MDA content is an important indicator of lipid peroxidation [4, 25] . The present study has shown a significant elevation in the levels of MDA, NO, caspase-3, DNAF, TNF-α, COX-2, LOX, TP as well as serum lipid profile and liver functions in DEN as compared to control, this indicated that DEN induced oxidative stress, apoptosis and inflammation. Formations of free radicals which play an important role in the pathogenesis of liver injuries are response to DEN administration. DEN induces iNOS gene expression and generates NO radicals which react nonenzymatically with super oxide radicals (O 2-) forming peroxynitrite (ONOO-a reactive nitrogen species). A reactive nitrogen species can oxidize nuclear DNA and cell protein [27, 28] . Free radicals led to accelerate peroxidation of native membrane lipids such as mitochondrial membrane, loss of cell integrity, increase in membrane permeability, and alteration of Ca 2+ homeostasis that contribute to elevation in caspase-3 activities, DNAF and inflammatory mediators (TNF-α). This mean that DEN causes apoptosis, that is an adaptive process to combating excessive damage, and led to liver injuries [4, 25] . TNF-α elevation in our study was accompanied by elevation of COX-2, LOX activities and NO level compared to control. These results agreed other investigator who reported that TNF-α induces inflammatory genes such as COX-2, LOX, and iNOS [29, 30] . NO increases the production of PGE2 by direct activation of COX [31] .
Administration of DEN induced liver injuries and leakage of hepatocytes cytosolic contents and this led to an increases in the activities of serum AST, ALT, and bilirubin level compared to the controls. The increase in activity reflects the pathological alteration in biliary flow and discharge of total bilirubin reflects a non-specific alteration in the plasma membrane integrity and/or permeability [12] . Our data also showed an increase of liver TP level in DEN group and this may be due related to the elevation of protein expression towards liver apoptosis process [32, 33] . There were increases in the levels of TC, T.G and LDL-Ch with a decline HDL-Ch level in DEN group compared with the controls and this was related to liver inflammation. Elevation in LDL caused endothelial cell apoptosis [34] . The histopathological results confirmed the biochemical results. Liver histopathological examination of control showed normal rat liver with no remarkable pathologic changes where administration DEN showed mild dysplastic nuclei, preminent nucleoli, binucleated cells and mild
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to moderate periportal inflammation. Consumption of fruits and vegetables is associated with a lowered risk of many diseases by targeting many mechanisms such as cell cycle, signal transduction, oncogenesis, transcription, antioxidant metabolism enzymes and apoptosis, etc. [5, 11] . Apoptosis appears as an important target by avocado phytochemicals in selectively eliminating cancer cells from normal tissues [6, 35] . This finding agree with our results, where the present study showed no significant differences in the levels of MDA, NO, caspase-3, DNAF, TNF-α, COX-2, LOX, TP as well as serum lipid profile and liver functions in AVOE group as compared to control, while there are a significant improve in the levels of MDA, NO, caspase-3, DNAF, TNF-α, COX-2, LOX, TP as well as serum lipid profile and liver functions in AVOE-DEN group as compared to DEN, this may be due to the effect of avocado phytochemical composition. Where avocado phytochemicals play a selective role in quenching the free radicals resulted from the metabolism of DEN, thereby inhibiting lipid peroxidation and protecting membrane lipids from oxidative damage, inhibited caspase-3 enzyme and DNAF in turn prevent apoptosis, consequently, decrease in total protein toward apoptosis as well as decrease in inflammation and inflammatory mediator (TNF-α, COX-2, LOX).
Avocado consumption provides monounsaturated fatty acids, fiber, Vitamins B and E and phytosterols, b-sitosterol, carotenoids, leutin which have been shown to exert potent anti-oxidant, anti-inflammatory, anticholesterolemic, anticancer agent [36] [37] [38] [39] [40] . Some investigators found that, avocado decreased and suppressed gene expression of TNF-alpha, IL-1beta, COX-2, iNOS as well as decreased prostaglandin E2 and nitric oxide production in articular chondrocytes and monocyte/macrophages and decreased cartilage catabolism [39, [41] [42] [43] .
The results of present study agree with other investigators who reported that, the phytosterols lowering effect mechanism on the serum triglyceride, total cholesterol, and LDL-cholesterol involves inhibition of intestinal cholesterol absorption, decrease in hepatic cholesterol synthesis, increases catabolism of lipid accumulated in adipose tissue causing a decrease in body weight and a highly significant rise in HDL-cholesterol levels, and improve AST and ALT enzymes [11, 44, 45] . Other investigator found that avocado oil administration revealed the beginning of a regeneration of liver function [9] . The histopathological results confirmed the biochemical results. Liver histopathological examination of AVOE-DEN showed normal liver architecture with mild periportal inflammatory reaction as compared to DEN. AVOE treatment showed normal large polygonal cells with round nuclei and eosinophilic cytoplasm. Hepatocytes are arranged in plates separated by hepatic sinusoids.
Conclusion
(1) DEN induces oxidative stress, inflammation, apoptosis and toxicity for liver tissues.
(2) AVOE (Avocado extract) administration in rats for 5 weeks has no toxic effect on liver tissues.
(3) The present study showed that (AVOE) extract exerts a significant protective effect against DEN induced oxidative stress, inflammation and apoptosis by augmenting host antioxidant defense mechanisms and improve apoptosis and cell cycle mechanisms in rat in liver tissues. This extract is a promising agent for the prevention of chemical induced toxicity through enhancing the ant oxidative and drug metabolizing enzymes, as well as lowering the extent of lipid peroxidation.
(4) Avocado extract plays a role as anticholesterolemic agent.
